Third molar agenesis among children and youths from three major races of Malaysians  by John, Jacob et al.
Journal of Dental Sciences (2012) 7, 211e217Available online at www.sciencedirect.com
journal homepage: www.e- jds.comORIGINAL ARTICLE
Third molar agenesis among children and youths
from three major races of MalaysiansJacob John a*, Phrabhakaran Nambiar a, Shani Ann Mani b,
Nor Himazian Mohamed a, Nur Fazwani Ahmad c, Norain Azman Murad daDepartment of General Dental Practice and Oral and Maxillofacial Imaging, Faculty of Dentistry, University of Malaya,
Kuala Lumpur, Malaysia
bDepartment of Children’s Dentistry and Orthodontics, Faculty of Dentistry, University of Malaya, Kuala Lumpur, Malaysia
c Jabatan Bedah Mulut Hospital Ampang, Jalan Mewah Utara, Pandan Mewah, Ampang, Selangor, Malaysia
d Jabatan Bedah Mulut Hospital Pulau Pinang, Penang, Malaysia
Final revision received 25 March 2012; accepted 4 May 2012
Available online 21 June 2012KEYWORDS
dental agenesis;
ethnic variation;
missing third molars* Corresponding author. Department
Malaya, 50603 Kuala Lumpur, Malaysia
E-mail address: jacob_john69@yah
1991-7902/$36 Copyrightª 2012, Assoc
doi:10.1016/j.jds.2012.05.002Abstract Background/purpose: Thirdmolar (M3) agenesis is linked to the evolution and growth
of the human jaw, as it is the last tooth to develop in the human dentition. The aim of this study
was to determine the prevalence and distribution of M3 agenesis in a Malaysian population.
Materials and methods: Panoramic radiographs of 734 dental patients aged 10e19 years who
were examined for the presence or absence of M3. The frequency of M3 agenesis was calculated
by ethnic group, gender, and tooth location. Odds ratio and Pearson Chi-square at a level of
significance of 0.05 were used in the Statistical Package for Social Sciences.
Results: A quarter of the study population had at least one incidence of M3 agenesis. The highest
was seen among theMalaysian Chinese followed byMalaysianMalays andMalaysian Indians. More
females than males were missing their M3. The incidence of missing M3s was highest in the right
maxillary region followed by the left maxillary, left mandibular, and right mandibular regions.
The Malays and Indians showed a greater tendency towards agenesis of maxillary M3s. However,
among the Chinese, M3 agenesis was equal in both arches. The findings show that the Chinese
were twice as likely to have mandibular M3 agenesis as the Indians.
Conclusions: The presence or absence of a tooth might not only be influenced by ethnic origins
but also by culture and dietary practices. With more missing M3s, the burden of managing
diseases, complications, and treatment costs associated with this particular tooth decreases.of General Dental Practice and Oral and Maxillofacial Imaging, Faculty of Dentistry, University of
.
oo.com (J. John).
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212 J. John et alHowever, the use of M3s for age estimation, forensic identification, and legal purposes could be
compromised in the future.
Copyrightª 2012, Association for Dental Sciences of the Republic of China. Published by Elsevier
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Agenesis or a congenitally missing tooth is when a tooth
fails to form between the ranges of age of its growth and
development. The third molar (M3) is a tooth that develops
entirely after birth and is also the last tooth to erupt in all
ethnic groups despite racial variations in the eruption
sequence.
Environmental factors,1 systemic diseases,2 genetic
polymorphisms,3 and teratogens4 were shown to affect
tooth development with effects on tooth size, shape,
position, and total absence. It is thus not surprising that
aberrations in normal M3 patterning frequently occur, as
this is the last tooth to develop. In prehistoric humans,
when the jaw size permitted space for normal dental
development and position in the arches, M3 may have been
a vital survival tool.5 However, human tooth sizes, both
mesiodistal and buccolingual dimensions of the maxillary
and mandibular teeth, have since been gradually
decreasing.6 According to a study on orthodontic patients in
Japan, the frequency of maxillary M3 agenesis increased
significantly with decreasing maxillary basal bone.7 In
modern people, M3s have the highest frequency of poly-
morphisms, malpositioning, impactions, and agenesis.
Approximately 65% of the human population has at least
one impacted M3, and M3s that do erupt are often malposed
in the arches and are consequently difficult to clean.5
Clinicians and patients are familiar with the problems
and distress M3s can cause. Sometimes there is the dilemma
of whether to retain or remove a tooth. It is a choice
between the suffering caused by its disease or postsurgical
morbidity. Expenditure on M3 extractions is enormous, and
this is a major and growing concern for administrators of
public and private sources of healthcare funding.8 In addi-
tion, one study9 showed that it is 3.8-times more likely that
patients with a mandibular M3 have a mandibular angle
fracture than those without the tooth. However, implica-
tions of M3 agenesis in age estimation especially in forensic
and legal matters are enormous.
There is a considerable body of literature (Table 1) on the
prevalence and distribution of M3 agenesis reported world-
wide on people of different ethnic and geographic origins.
The reported prevalence of one or more missing M3s varies
from as low as 9% in white American women10 and French-
Canadians11 to as high as 41% in a Korean population12 with
many reporting values in the range of 17e28%.13e17 Most
studies found a higher prevalence in girls than boys,12,13,18
with the exception of a study on a Czech population that
reported the contrary.14 The greatest tendency toward
agenesis is generally displayed by maxillary M3s.10,12,16 In
a study of 226 male Israeli army recruits,19 the tendency was
greater with mandibular M3s. Failure of one or more of the
M3s to form occurs in approximately 20% of the population.20According to a Spanish study,21 75% of agenesis of any tooth is
related to agenesis of the M3s.
The purpose of this retrospective radiographic study was
to establish the prevalence and distribution of M3 agenesis
among Malaysians and to compare findings with other
international research. Being the first study of its kind in
Malaysia, it will also determine if the M3 is becoming
“extinct” among the younger generation and whether there
is any ethnic or gender influence on the pattern of M3
agenesis.
Materials and methods
Routine preoperative panoramic radiographs of dental
patients aged 10e19 years were examined, and each
instance of a missing M3 was recorded. The study pop-
ulation represented patients from the three major races of
the Malaysian population: the Malays, Chinese, and Indians.
The lower age limit was set to 10 years because the tooth
germ normally becomes visible from age 7 years and crown
formation is expected by age 10 years. The upper age limit
was set to 19 years because M3s are expected to have
emerged into the oral cavity by this age, and the proba-
bility of extraction before this is very remote.
The chronological age of each patient was calculated
from the date of birth and the date of the radiograph. Only
unambiguous radiographs were included in this study.
Patients with facial clefts or any other craniofacial
syndromes that could affect tooth development and
radiographs showing major dental pathologies like tumors
or cysts were excluded. In total, 734 radiographs were
studied. Data were collected at the Oral Radiology Division
of the Faculty of Dentistry, University of Malaya. Ethical
approval (DFDP 0902/0016(U)) was obtained from the Ethics
Committee, Faculty of Dentistry, University of Malaya in
2009.
Data were processed using the Statistical Package for
Social Sciences, version 12.0 (SPSS, Chicago, IL, USA). The
frequency of M3 agenesis was calculated by ethnicity,
gender, and tooth location. Odds ratio calculations and
Pearson Chi-square test at a level of significance of 0.05
were used.
Results
In total, 192 (26.2%) radiographs showed one or more
missing M3s, as shown in Table 2. Most patients with M3
agenesis had at least 2 missing M3s (19.3%). Agenesis of one
or more M3s was more common in females (27.5%);
however, in a situation with more than three missing M3s,
the frequency was higher, although statistically insignifi-
cant in males than in females (8.5% vs. 5.5%, respectively).
Table 1 Third molar agenesis studies.
Country Authorsa Year Sample
size
Population Prevalence
(%)b
Predilection
America Nanda10 1954 200 white women 9.1 maxillary
England (south) Shinn32 1976 2500 orthodontic patients 12.7 NA
Canada Levesque et al11 1981 4640 French-Canadian descentdmandibula
only
9c NA
Australia Lynham42 1990 662 Australian Defence Force recruits 22.7 NA
Mexico Rosario and Gonzalez30 500 children and adolescents 7e18 years NA
1990 32.4 NA
Germany Bredy et al17 1991 2061 orthodontic patients 20.7 NA
Jordan Hattab et al16 1995 232 students 27 maxillary
Singapore Mok and Ho15 1996 786 Singaporean Chinese aged 12e16 year 28.5 maxillary
New Zealand Kruger et al31 2001 821 18-year-olds 28 NA
Czech Republic Rozkovcova´ et al14 2004 1000 patients aged 12e21 years 22.5 males
India (Punjab) Sandhu and Kaur18 2005 100 students aged 17.5e20.0 years 11.5 females
Israel Goren et al19 2005 228 18-year-old male army recruits 5.83 mandibular
America (Memphis) Harris and Clark13 2008 1700 American whites and blacks 31.5 (whites);
10.1 (blacks)
whites; females;
mandibular
Chile Garcı´a-Herna´ndez et al43 2008 400 orthodontic patients aged 14e20 year 24.75 female; mandibular
Korea Lee et al12 2009 1129 patients aged 16e24 years 41 females
Turkey Celikoglu et al22 2010 351 orthodontic patients aged 20e26 year 17.3 females
NAZ not available.
a Reference.
b Agenesis of one or more M3.
c Bilateral missing.
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Table 4 Comparison of M3 agenesis among the three
races.
OR (95% CI) X2 (df) P
Maxillary arch
Chinese 1.5 (1.1, 2.2) 4.85 (1) 0.028
Others
Chinese 1.3 (0.8, 1.9) 1.22 (1) 0.160
Malays
Chinese 1.8 (1.2, 2.7) 6.80 (1) 0.009
Table 2 Distribution of number of missing third molars (M3).a
n 0 1 2 3 4 nb
Gender
Male 352 265 (75.3) 28 (8.0) 29 (8.2) 7 (2.0) 23 (6.5) 87 (24.7)
Female 382 277 (72.5) 37 (9.7) 47 (12.3) 2 (0.5) 19 (5.0) 105 (27.5)
Ethnicityc
Malay 228 170 (74.6) 20 (8.8) 25 (11.0) 3 (1.3) 10 (4.4) 58 (25.4)
Chinese 244 166 (68.0) 26 (10.7) 23 (9.4) 5 (2.0) 24 (9.8) 78 (32.0)
Indian 262 206 (78.6) 19 (7.3) 28 (10.7) 1 (0.4) 8 (3.1) 56 (21.4)
Total sample 734 542 (73.8) 65 (8.9) 76 (10.4) 9 (1.2) 42 (5.7) 192 (26.2)
a Counts are by number of patients, not by number of teeth.
b Patients with at least one M3 missing.
c P< 0.05.
214 J. John et alThe prevalence of M3 agenesis was highest among the
Malaysian Chinese (32%) compared to the Malays (25.5%)
and Indians (21.4%).
The maximum potential number of M3s that could have
developed in this study population is 2936. Agenesis of M3
showed a greater predilection for the maxillary arch
(nZ 250; 17%) than the mandibular arch (nZ 162; 11%),
with not much variation between genders (Table 3). The
incidence of missing M3s was highest in the right maxillary
region (18%) followed by the left maxillary (16%), left
mandibular (11%) and right mandibular (11%) regions. All
three ethnic groups showed a higher incidence of missing
M3s in the maxillary than mandibular arch.
Table 4 shows that there were significantly higher
prevalences of M3 agenesis in the mandibular arch
(ORZ 2.1; PZ 0.001) and maxillary arch (ORZ 1.5;
PZ 0.03) among the Chinese compared to the two other
ethnic groups. This finding was statistically significant
between Chinese and Indians in both the maxillary
(ORZ 1.8; PZ 0.009) and mandibular arches (ORZ 2.1;
PZ 0.003). Another observation concerned symmetrical M3
agenesis in opposing quadrants as presented in Table 5.
Males had a higher incidence of symmetrical M3 agenesis
than females when comparing the right and left quadrants
and between the maxillary and mandibular arches. More-
over, the Chinese had the highest incidence of symmetricalTable 3 Location of the missing M3.
n Maxillary arch Mandibular arch
Right (18) Left (28) Right (48) Left (38)
Gender
Male 352 65 (18.5) 59 (16.8) 37 (10.5) 38 (10.8)
Female 382 64 (16.8) 62 (16.2) 47 (12.3) 40 (10.5)
Ethnicity
Malay 228 43 (18.9) 38 (16.7) 21 (9.2) 17 (7.5)
Chinese 244 51 (20.9) 49 (20.1) 44 (18.0) 39 (16.0)
Indian 262 35 (13.4) 34 (13.0) 19 (7.3) 22 (8.4)
Total
patients
734 129 (17.6) 121 (16.5) 84 (11.4) 78 (10.6)M3 agenesis especially of the right and left mandibular
arches (P< 0.001).
Discussion
Human evolutionary history reveals that changes in diet
patterns, the degree of use of the masticatory apparatus,
and genetic inheritance have affected human facial
growth, jaw size, and tooth size.22 The literature also
suggests that tooth agenesis is the most common cranio-
facial anomaly recorded in humans.23 M3 agenesis can
occur in an isolated fashion or as part of a syndrome. This
study compared prevalence and distribution of M3 agenesisIndians
Malays 1.4 (0.9, 2.2) 2.06 (1) 0.151
Indians
Mandibular arch
Chinese 2.1 (1.4, 3.2) 11.36 (1) 0.001
Others
Chinese 2.0 (1.2, 3.3) 6.84 (1) 0.006
Malays
Chinese 2.1 (1.3, 3.5) 8.78 (1) 0.003
Indians
Malays 1.1 (0.6, 1.9) 0.06 (1) 0.813
Indians
ORZ odds ratio; 95% CIZ 95% confidence interval; df Z
degrees of freedom.
Table 5 Distribution of symmetrical agenesis.
Tootha 18_28 38_48b 18_48b 28_38b
n (%)
Gender
Male 49 (13.9) 30 (8.5) 26 (7.4) 29 (8.2)
Female 46 (12.0) 32 (8.2) 22 (5.8) 26 (6.8)
Race
Malay 32 (14.0) 13 (5.7) 12 (5.3) 13 (5.7)
Chinese 37 (15.2) 35 (14.3) 27 (11.1) 29 (11.9)
Indian 26 (9.9) 14 (5.3) 9 (3.4) 33 (5.0)
a Tooth numbering using FDI system.
b Between races P< 0.001.
Third molar agenesis among Malaysians 215among the three major ethnic groups in Malaysia. The
demographics of Malaysia is represented by multiple ethnic
groups that exist in the country. Malays constitute 54% of
the population, Chinese 26%, Indians 8%, and others the
remainder of the population.24
Diet25 and masticatory function26,27 were found to have
an effect on craniofacial growth. Yamada and Kimmel28
showed that lateral and inferior periosteal bone growth of
the ramus, and condylar elongation, were slowed in rats
consuming soft diets with consequent decreased functional
force application. They related the changes to regional
decreases in osteoblast function, realignment of bone
formation surfaces in the ramus area, and slowed growth of
condylar cartilage. Masticatory muscle function was found
to influence the transverse growth of the skull at areas
under direct muscle influence and the dental arch width in
regions with molars that were erupting.29 There is a direct
relationship of diet and masticatory function on craniofa-
cial growth especially of the mandible, and this can influ-
ence the presence or absence of M3 as it is the last tooth to
develop.
A little more than a quarter of this study population
showed a tendency for one or more missing M3s, but there
was a clear ethnic bias in prevalence patterns among the
three groups. The Chinese appeared to have significantly
more missing M3s than the other two groups, especially the
Indians. Although the concept of what constitutes an ethnic
group is yet inconclusive, the Malaysian Chinese may be
grouped under the Mongoloids, Indians under Caucasoids,
and Malays possibly an admixture of Mongoloids and Aus-
troloids. This may explain the variable patterns seen in this
population study.
Racial origin apparently exerted a noteworthy influence
on the prevalence of M3s in this study. Results of our study
compared favorably with the work on other Mongoloid
populations,12,15 these studies reported a prevalence of 41%
and 28.5% missing M3s, respectively. It was also similar to
findings on a Mexican population,30 who are said to have
a combination of Mongoloid and Caucasoid traits. However,
compared to other Caucasian studies,11,13,16,22,31,32 the
Malaysian Indians had a higher prevalence rate except for
a study on a Jordanian population, 16which recorded
a prevalence of 27%.
Several studies12,14,15,19,31 have shown that the preva-
lence of all four M3s missing was in the range of 1.7e5.5%.All those studies were on Caucasian populations except the
one on Singapore Chinese,15 which recorded the prevalence
of 5.5%. One-tenth of the Malaysian Chinese population in
our study was missing all four M3s. This was significantly
higher than the other two groups (P< 0.05). We speculated
that local culture and dietary practices could also have an
effect on the pattern of M3 agenesis in addition to the
racial origin of the individual. Each culture and each person
have some food preferences or food taboos, owing to
personal tastes or ethical reasons. In traditional Chinese
culture, chopsticks are used at the table. For this reason,
Chinese food is usually chopped into small pieces while it is
being prepared,33 to make it easier to eat. On the other
hand, Indians and Malays who generally eat with their
fingers, incorporate more raw, fibrous, and semi-processed
plant food in their diets.34,35 A similar explanation can
justify the increased prevalence of M3 agenesis in American
whites who commonly use cutlery to cut their food into
smaller pieces prior to consuming it.13 A softer diet allows
for reduced function of the muscles of mastication leading
to an effect on craniofacial growth. Further studies are
needed to establish the relationships of the type of food
eaten with craniofacial growth and growth of the maxilla
and mandible.
We found that the prevalence of M3 agenesis was higher,
though insignificantly, in females. This is in agreement with
many other recent studies.12,14,15,19,31 This can be explained
by the fact that the head, face,36 width of the teeth, and
dimensions of the dental arch15,37 of males are all generally
larger than those of females. Moreover, females demon-
strate slowedgrowthof themaxillary andmandibular lengths
after ages 12 years and 14 years, respectively, whereas those
ofmales continue to significantly grow until age 16 years.38 It
is also supported by the fact that M3 crypt formation, unlike
that of other teeth, begins late after birth, especially in
females. In a study on a Czech population,14 however, it was
significantly faster in males.
Our results showed that among Malaysian Malays and
Indians, the greatest agenesis tendency was generally dis-
played by the maxillary teeth (P< 0.05), particularly the
maxillary right M3s. By examining skeletal maturation during
adolescence, both themaxilla andmandible initially grow at
the same speed. But soon the growth of mandible exceeds
that of the maxilla, and while the mandible continues to
grow, the maxilla ceases to grow.38,39 Compared to the
maxilla, the mandible grows more than twice in length.
However, unlike the Malay and Indian populations, our
Chinese patients exhibited very little M3 agenesis variation
between the maxillary and mandibular arches. Among the
Chinese, it was equally high in both arches.
The M3 tooth germ can usually be observed on radio-
graphs at 7e12 years of age,40 although ethnic variations
may occur. The lower limit of the age of patients in this
study was 10 years. However, various authors were quoted
as having recommended making a diagnosis of M3 agenesis
after the age of 13 years,41 because of the possibility of
delayed calcification. This recommendation should be
taken into account in future studies. Although our patients
comprise the three major races in Malaysia, the study was
conducted in an urban setting, and as such, might not be
representative of the entire population. As we observed
equally high prevalence of mandibular and maxillary M3
216 J. John et alagenesis among the Chinese, we recommend further
studies on age-related dental and skeletal maturation
among the various ethnic groups. It was also beyond the
scope of this study to measure the skeletal and dental
dimensions of the study population and determine their
relationship with M3 agenesis, but such a study would have
great relevance in dentistry, especially in understanding
dental anomalies and management of orthodontic patients.
The prevalence of M3 agenesis in this study confirms its
variations in relation to ethnic origin, gender, and location
in the dental arch. It also conforms to the theory of the
possible “extinction” of M3s in the future. This will have
implications for future age-estimation studies and forensic
identification.
Acknowledgments
We thank the staff of the Oral Radiology Division of the
Faculty of Dentistry, University of Malaya for permission
and help in obtaining all panoramic radiographs from its
archives.
References
1. Silvestri ARJ, Connolly RJ, Higgins MT. Selectively preventing
development of third molars in rats using electrosurgical
energy. J Am Dent Assoc 2004;135:1397e405.
2. Nomura R, Shimizu T, Asada Y, Hirukawa S, Maeda T. Genetic
mapping of the absence of third molars in EL mice to chro-
mosome 3. J Dent Res 2003;82:786e90.
3. Bianch FJ, de Oliveira TF, Saito CB, Peres RC, Line SR. Asso-
ciation between polymorphism in the promoter region (G/C-
915) of PAX9 gene and third molar agenesis. J Appl Oral Sci
2007;15:382e6.
4. Karadzov OM, Sedlecki-Gvozdenovic SD, Demajo M,
Milovanovic OK. The effects of X-ray irradiation of the head
region of eight-day-old rats on the development of molar and
incisor teeth. Strahlentherapie 1985;161:448e52.
5. Silvestri ARJ, Singh I. The unresolved problem of the third
molar: would people be better off without it? J Am Dent Assoc
2003;134:450e5.
6. Brace CL, Rosenberg KR, Hunt KD. Gradual Change in Human
Tooth Size in the Late Pleistocene and Post-Pleistocene.
Evolution 1987;41:705e20.
7. Kajii TS, Sato Y, Kajii S, Sugawara Y, Iida J. Agenesis of
third molar germs depends on sagittal maxillary jaw
dimensions in orthodontic patients in Japan. Angle Orthod
2004;74:337e42.
8. Edwards MJ, Brickley MR, Goodey RD, Shepherd JP. The cost,
effectiveness and cost effectiveness of removal and retention
of asymptomatic, disease free third molars. Br Dent J 1999;
187:380e4.
9. Tevepaugh DB, Dodson TB. Are mandibular third molars a risk
factor for angle fractures? J Oral Maxillofac Surg 1995;53:
646e50.
10. Nanda RS. Agenesis of the third molar in man. Am J Orthod
1954;40:698e706.
11. Levesque GY, Demirijian A, Tanguay R. Sexual dimorphism in
the development, emergence, and agenesis of the mandibular
third molar. J Dent Res 1981;60:1735e41.
12. Lee SH, Lee JY, Park HK, Kim YK. Development of third molars
in Korean juveniles and adolescents. Forensic Sci Int 2009;188:
107e11.13. Harris EF, Clark LL. Hypodontia: an epidemiologic study of
American black and white people. Am J Orthod Dentofacial
Orthop 2008;134:761e7.
14. Rozkovcova´ E, Markova´ M, La´nik J, Zva´rova´ J. Agenesis of third
molars in young Czech population. Prague Med Rep 2004;105:
35e52.
15. Mok YY, Ho KK. Congenitally absent third molars in 12 to 16
year old Singaporean Chinese patients: a retrospective
radiographic study. Ann Acad Med Singapore 1996;25:
828e30.
16. Hattab FN, Rawashdeh MA, Fahmy MS. Impaction status of third
molars in Jordanian students. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 1995;79:24e9.
17. Bredy E, Erbring C, Hu¨benthal B. The incidence of hypodontia
with the presence and absence of wisdom teeth. Dtsch Zahn
Mund Kieferheilkd Zentralbl 1991;79:357e63 [In German,
English abstract].
18. Sandhu S, Kaur T. Radiographic evaluation of the status of third
molars in the Asian-Indian students. J Oral Maxillofac Surg
2005;63:640e5.
19. Goren S, Tsoizner R, Dinbar A, Levin L, Brezniak N. Prevalence
of congenitally missing teeth in Israeli recruits. Refuat
Hapeh Vehashinayim 2005;22:49e53. 87 [In Hebrew, English
abstract].
20. Vastardis H. The genetics of human tooth agenesis: new
discoveries for understanding dental anomalies. Am J Orthod
Dentofacial Orthop 2000;117:650e6.
21. Sanchez MJ, Vicente A, Bravo LA. Third molar agenesis and
craniofacial morphology. Angle Orthod 2009;79:473e8.
22. Celikoglu M, Miloglu O, Kazanci F. Frequency of Agenesis,
Impaction, Angulation, and Related Pathologic Changes of
Third Molar Teeth in Orthodontic Patients. J Oral Maxillofac
Surg 2010;68:990e5.
23. Mostowska A, Kobielak A, Trzeciak WH. Molecular basis of non-
syndromic tooth agenesis: mutations of MSX1 and PAX9 reflect
their role in patterning human dentition. Eur J Oral Sci 2003;
111:365e70.
24. Department of Statistics. Population and Housing Census of
Malaysia, 2000: General Report of the Population and
Housing Census. Putrajaya: Department of Statistics Malaysia,
2005.
25. Endo Y, Mizuno T, Fujita K, Funabashi T, Kimura F. Soft-diet
feeding during development enhances later learning abilities in
female rats. Physiol Behav 1994;56:629e33.
26. Kiliaridis S. The Importance of masticatory muscle function in
dentofacial growth. Semin Orthod 2006;12:110e9.
27. Abed GS, Buschang PH, Taylor R, Hinton RJ. Maturational and
functional related differences in rat craniofacial growth. Arch
Oral Biol 2007;52:1018e25.
28. Yamada K, Kimmel DB. The effect of dietary consistency on
bone mass and turnover in the growing rat mandible. Arch Oral
Biol 1991;36:129e38.
29. Katsaros C. Masticatory muscle function and transverse den-
tofacial growth. Swed Dent J 2001;151(Suppl):1e47.
30. Llarena del Rosario ME, Nuno Gonzalez MM. Stages of formation
and calcification of the third molar (Radiographic study of 500
Mexican children and adolescents). Rev ADM 1990;47:112e8 [In
Spanish, English abstract].
31. Kruger E, Thomson WM, Konthasinghe P. Third molar outcomes
from age 18 to 26: findings from a population-based New
Zealand longitudinal study. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2001;92:150e5.
32. Shinn DL. Congenitally missing third molars in a British pop-
ulation. J Dent 1976;4:42e4.
33. Mah AY. Watching the tree: A Chinese Daughter Reflects on
Happiness, Tradition, and Spiritual Wisdom. New York:
Broadway Books, 2001:125.
Third molar agenesis among Malaysians 21734. Deaton A, Dre`ze J. Food and nutrition in India: facts and
interpretations. Economic and Political Weekly 2009;44:
42e65.
35. Shimbo S, Moon CS, Zhang ZW, et al. Nutritional evaluation of
working Malay women in Kuala Lumpur as studied by total food
duplicate method. Tohoku J Exp Med 1996;180:99e114.
36. Song WC, Kim JI, Kim SH, et al. Female-to-Male Proportions of
the Head and Face in Koreans. J Craniofac Surg 2009;20:
356e61.
37. Hussein KW, Rajion ZA, Hassan R, Noor SN. Variations in tooth
size and arch dimensions in Malay schoolchildren. Aust Orthod
J 2009;25:163e8.
38. Ochoa BK, Nanda RS. Comparison of maxillary and mandibular
growth. Am J Orthod Dentofacial Orthop 2004;125:148e59.
39. Chen L, Lin J, Xu T, Long X. The longitudinal sagittal growth
changes of maxilla and mandible according to quantitativecervical vertebral maturation. J Huazhong Univ Sci Technolog
Med Sci 2009;29:251e6.
40. Baba-Kawano S, Toyoshima Y, Regalado L, Sa’do B, Nakasima A.
Relationship between congenitally missing lower third molars
and late formation of tooth germs. Angle Orthod 2002;72:
112e7.
41. Bolan˜os MV, Moussa H, Manrique MC, Bolan˜os MJ. Radiographic
evaluation of third molar development in Spanish children and
young people. Forensic Sci Int 2003;133:212e9.
42. Lynham A. Panoramic radiographic survey of hypodontia in
Australian Defence Force recruits. Aust Dent J 1990;35:
19e22.
43. Garcı´a-Herna´ndez F, Toro Yagui O, Vega Vidal M, Verdejo
Meneses M. Third Molar Agenesis in Young People Between 14
and 20 Years of Age, Antofagasta, Chile. Int J Morphol 2008;26:
825e32 [In Spanish, English abstract].
